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INTRODUCTION
Flamingoesare amongthe most numerousand importantbirds inhabiting the Rift Valley
Lakesin Kenya (Fig. 1). The foodsuppliesthatcansupportsuchpopulationsarethereforeofspecial
interest.. The work thathasbeencarriedout on the ecologyandbionomicsof the lakeson which
theylive is well known. (E.g. Beadle,1932; Jenkin, 1932; 1936.)
LakesHannington,Nakuru andElmenteitaarethelakeschieflyfavouredby flamingoes. They
areshallowandextremelyalkaline,sodiumcarbonatebeingthe mainalkalinesalt. They contain
no fish (seeWorthington,1932). Lake Magadi, wheresodadepositshavebeenexploitedcom-
merciallysince1919(seePulfrey,1947),andLakesEImenteitaandNakuru containthemostalkaline
watersand,beingreasonablyaccessible,arefamousfor theirflocksof flamingoes. Fish andhigher
plantsarefound in thefresherwatersof LakesNaivasha,BaringoandRudolf, andflamingoesare
relativelylessnumerouson theselakes.
Lakes EImenteitaand Nakuru show considerablefluctuationsin level, Nakuru sometimes
dryingup completely. It wasentirelydry for longperiodsduring 1953,but assoonasanywater
collectedafter rain, flamingoesappearedin considerablenumbersto feed. These two lakesare
relativelysmall,with surfaceareasofapproximately7and14squaremilesrespectively,in comparison
with Lake Naivasha(64 squaremiles)and Lake Rudolf. Lake Rudolf is much the largestlake
of all, beingsome185miles long with a maximumwidth of 37 milesanda surfaceareaof 2,923
squaremiles. Little is knownconcerningits flamingopopulation.
Of the two speciesof flamingoin Kenya (seeMackworth-Praedand Grant, 1952)by far the
morenumerousis theLesserFlamingoPhoeniconaiasminor(Geoffroy). Sometimesthepopulation
on Lake Hanningtonreachesa figureof abouttwo million and in July 1953this speciesformed
over99% of the total flamingopopulationon that lake. The GreaterFlamingo Phoenicopterus
ruberroseusPallasalsooccursin largenumbersand it has beenthoughtdesirableto includethe
rather,limiteddataobtainedon this speciesasthereis evidencethat the two specieshavedifferent
dietsalthoughtheyarefound in thesamehabitat.
MATERIAL AND METHODS
Owingto thepeculiarstructureof thebeakandtongue,flamingoesareableto utiliseverysmall
organismsas food, consequentlyfield examinationsaloneare of little use and a microscopeis
necessaryto investigatefully thedietof thesebirds.
40flamingoeswereobtainedof which9 weregreaterflamingoes. 24skinshavebeenplacedin
theHancockMuseum,NewcastleuponTyne.
In additionto field examinations,the contentsof variousportionsof the alimentarycanalof
29 specimenswere preservedfor subsequentlaboratoryexaminationin either 5% formalin
or 70% methylatedspirits(industrial). In the caseof 5 of the lesserspeciesand4 of the greater,
the entirealimentarycanalfrom oesophagusto cloacawasalso preserved. Samplesof mud and
waterfrom the birds' feedinggroundswerecollected.
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Preliminaryinvestigationswerecarriedoutat LakeElmenteitain November-December1951
(seeRidleyandPercy,1953). SubsequentlyM. W. Ridleymadeexpeditionsto all theprincipal
lakesin theKenyaRift Valley. Specimenswereobtainedfrommostof theselocalities.The
majoritycamefrom Lake Elmenteitain November- December1951and 1952,April and
June1953,andLakeHanningtonin July 1953.EvidencewasalsoobtainedfromLakesMagadi
andNaivashain March1953andonebirdwassecuredfromFerguson'sGulf, LakeRudolf,in
September1953.
FIELD OBSERVATIONS
Bothspeciesofflamingoappeartofeedduringthegreaterpartofthedayalthough,in common
withmanybirdsinthetropics,theyaremostactiveatdawnanddusk. Duringtheheatoftheday
thebirdsoftensleep.
Atduskflamingoesbecomeveryactiveandflyaroundthelakesperformingintricatemanoeuvres
andcallingloudly. OnLakeElmenteitait ispossiblethatsomebirdsmayflightawayaltogether,
returningsoonafterdawn. If this is so, it canonlybe conjecturalwhy or wheretheygo.
It is conceivablethattheyvisitotherlakesup or downtheRift Valley,eitherto drink,washor
roost. Lesserflamingoesareoccasionallyfounddeadin largenumbersbeneathtelephonewirest
particularlynearSuswain December1952.Thismaybetheresultof theirnocturnalwanderings
or theirmigrationsthroughAfrica,aboutwhichverylittleis known. Somewerealsoseenby
Mr. P. R. O.BallyflyingsouthatdawnatagreatheightoverLakeNaivashain July 1953andtheir
spasmodicoccurrenceonthislakepointstoatemporaryestingplaceonthesejourneys.
On LakeHannington,butnowherelse,lesserflamingoeswereseento drinkatplaceswhere
freshwaterspringsflowedintothelakeandtoflightconsiderabledistancestodoso. Whendrink-
ing,flamingoessipthewaterandthenraisetheirheadsverticallyabovetheirbodiestoswallowit.
This is in contrasttotheirmethodof feedingwhichis towalk(orswimin deepwater)slowly
forwardsonlyoccasionallyraisingtheheadslightlyabovethehorizontal.Thereis a noticeable
differencein thebehaviourof thetwospecieswhenfeedingalthoughtheyarenotnecessarily
segregatedfromeachotherin separateflocks.
Thegreaterflamingo(Fig.2)normallyimmersesthewholeheadinsuchamannerthattheupper
mandibleis buriedin themudandthebird'sheadfacesbacktowardsits legs. Then,witha
sidewaysmotionof thehead,notunlikea manscything,thebirdmovesforwardata slowbut
steadypace. Occasionally,aboutevery10paces,theheadis raisedjustabovethesurfacewith
theneckbentfor a fewsecondspresumablyto breathe.Somebirdsin deepwater"up-end"
likeducksorswansbutthemajorityfeedin 1to2 feetof waterandtheyoungbirdstendtofeed
closerto the shorethanthe adults. The legsof juveniles(Dec.1951)whichwereabout10
monthsoldwereapproximately2/3 thelengthof thoseof theadults. Othergreaterflamingoes
wereseentowalkalongtheshorelineapparentlyfeedingonthebeachdrift.
The lesserflamingo(Fig.3)seldomimmersestheheadbutskimsthesurfaceofthewaterwith
onlytheuppermandiblejustbelowthesurface.Generallytheywalkforward"scything"in the
samewayasthegreaterflamingobutsometimestheyadvancemuchmorequicklywithlittleor
nosidewaysmotionof thehead. On occasionstheymayremainstationary,pivotingonthelegs
andswingingtheheadrapidlythrough180degrees.Themajorityfeedin shallowwaternearthe
edgebutsomebirdscanusuallybeseenalloverthecentreofthelakes.
THE FOOD OF THE GREATER FLAMINGO
The dietof thisspecies,whichin Indiamayevenincludesmallfish(seeTicehurst,1923),
hasbeenthesubjectofmuchdiscussion.It isnowclear(seeYeates,1950)thatthesmallnumbers
ofbirdsexaminedfromdifferentlocalitiesthroughouti srange,whichin thenorthstretchesfrom
WesternEuropeintoAsia,makegeneralconclusionsof doubtfulvalue. It mustalsobeborne
in mindthattracesoforganismsthatareinsignificantin abird'sdietareto beexpectedwhenthe
contentsofthegutarestudiedinmicroscopicdetail.
In Kenya(seeTable1),thebirdsdomakeuseofthefollowingfoodsupplies;- chironomid
1arvae,copepods,corixids,seedsandhigherplantfragments.
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Chironomidlarvaeweredetectedwithout difficultyin the majorityof birds examinedand at
Lake Elmenteitain 1951they comprisedthe principalfood of thespecimensthensecured. The
larvaeareselectivelysiftedfromthemud.
The copepodParadiaptomus(Lovenula)africanus(Daday)wasalsoabundantboththenand in
1952. Copepodswerepresentin severalbirds and one specimenhad beenfeedingexclusively
upon them.
At timesthefollowingcorixidsarealsoabundantin Lake Elmenteita:- Sigara(Vermicorixa)
lateralisLeach,MicronectascutellarisStaland MicronectableckianajenkinaeHutch. These insects
werefound in somebirds.
Bothat LakeElmenteitaandHanningtonseedsformeda smallproponionof thefood. Some
ofthe seedscamefromtheSedgeCyperuslaevigatusL., whichis commonontheedgesof theselakes,
but somewereunidentified. McCann (1939)recordssimilarseedsin India.
In additionvarioushigherplantfragmentsthathadfalleninto thewaterconsistingprincipally
of cell walls,werefound in the stomachs.They werespeciallynoticeablein the two specimens
takenfrom Lake Hannington. It is doubtful if much nourishmentis derivedfrom this type of
materialwhichappears imilarto beachdrift andin all probabilityit is mostlytakenwhilstthebirds
arestraininganimalfoodfromthelakes.
In one individual from Lake Elmenteita,along with typical stomachcontents,a significant
quantityof blue-greenalgaeanddiatomswasfound(seeTable 1,No.6.). Whilst thestructureof
thebeakandmodeof feedingarenot speciallyadaptedto strainingminuteorganismsfrom water,
theoccasionalpresenceof algaein significantquantitiesin thestomachis not surprisingsinceit is
frequentlysoabundanton thefeedinggrounds.
The authors (through the kindness of Col. Meinertzhagenand Lord William Percy),
havebeenshowngreaterflamingostomachcontentstakenat Port Sudanwhich consistof a pure
massof the gastropodTympanotomusfiuviatilisPotiez,a diet in essentials imilar to theCerithium----
diet recordedfor the subsp.ruberin the New World (seeChapman,1905).Chironomid larvae
(see Salim Ali, 1945)and seedshave been recordedfor India. In addition a crustacean
diethasbeenmentionedfor Egypt (seeMeinenzhagen,1930).
It is possible(seeGallet, 1950)thatgreaterflamingoesmayderivenourishmentat timesfrom
simplyswallowingmud rich in bacteriaand decayingorganicsubstancesbut no birds examined
werefeedingin thisway.
THE FOOD OF THE LESSER FLAMINGO
Lesser flamingoesfeed on algae(seeJenkin, 1929). During the presentwork a rich algal
floraconsistingof bothblue-greenalgae(Myxophyceae)anddiatoms(Bacillariophyceae)wasfound
bothin thestomachcontentsof lesserflamingo(PlateI) andin samplesof lakewater.
Sometimes,as in birds securedfrom Lake Naivasha(seeTable 1, Nos. 25-27),the stomach
contentsresembledarich cultureof onediatomspeciesonly, Navicula sphaerophora(Klitz) Pfitzer,
whereasothersamplescontaineda largevarietyof species.
At LakeMagadialgaeforma densefeltworkan inchor morein thicknessaroundsomepartsof
theshore,particularlyneartheentryof a hot spring. This feltworkconsistsmainlyof filamentous
blue-greens,Oscillatoriaand Phormidiumspeciestogetherwith colonial diatoms,all bound to-
gether in mucilage. Amongst the filamentswere coloniesof Microcystisfios-aquae (Wittr.)
Kirchn., AphanocapsaelachistaW. & G.S. Westand Pleurocapsasp. Somefilamentsof Spirulina
subtilissima(Klitz) werealsopresentaswell asa speciesof Navicula. A bird (seeTable 1, No. 24)
shotin 1953on Lake Magadi containedexactlythe samespeciesalthoughthe filamentousforms
hadbeenbrokenup into shortlengths.
Samplesof mud and watercollectedfrom Lake Elmenteitaalso containeda varietyof algae,
thoughnoneof themin suchprofusionasin LakeMagadi. Collectionsmadein 1952included:-
Spirulinasubtilissima,OscillatoriaterebriformisAg., ChroococcuslimneticusLemm., Gyrosigmasp.
anda few specimensof Coscinodiscussp.andCymbellasp. The stomachsof birds collectedwhile
feedingon Lake Elmenteitain April and June 1953(seeTable 1, Nos. 15 and16)containedthe
samediatomspeciesand smallfragmentsof thefilamentousblue-greens.
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Arthrospiraplatensis(Nordst)Gomont(PlateI, Fig. 8)wasthedominantspeciesfromLakes
HanningtonandRudolf(seeTable1,Nos.17-23and29),butonalloccasionsthisalgawasextremely
rareonLakeElmenteita,thoughit wasoriginallyherethatthebirdswereobservedfeedingmainly
onthisspecies(seeRich,1931:For theoccurrenceofthisalgaatLakeRudolf,seeRich,1933).
Whilstthealgaldietof thelesserflamingois theusualoneandtheonethatclearlysupports
thevastpopulationsof thisspecies,it becameclearfromthefirst twobirdscollectedthatthe
specialisationsofthebeakwhicharepeculiartoit,donotexcludeit fromtakingotherfood. These
twosolitarybirds,whichhadbrokenwings,wereobtainedonLakeElmenteitainNovember1951,
whenthegreatflocksof lesserflamingoesdisappearedandtherewasverylittlealgalgrowthin the
lake. It wasfoundthattheyhadbeenfeedinglikethegreaterflamingoesonchironomidlarvae,
corixidsandseeds(seeTable 1, Nos. 9 and 10). Occasionallyfragmentsof higherplantsare
takenin (seeTable2,Nos.10,16and24).
GENERAL REMARKS ON THE ALIMENTARY CANAL AND ITS CONTENTS
The alimentarycanalof Phoenicopteruswasstudiedby Gadow(seeGadow1879). Thereis
no significantdifferencebetweenit andthatof Phoeniconaias(PlateII) but the beaksof the
twospeciesareverydifferent,helatterhavinga strainingmechanismofmuchfinermesh. The
nomenclatureusedin thispaperfollowsthatof ChalmersMitchell(1901).
In anadultlesserflamingo,thelengthfrompylorustocloaca(theintestinaltract)measuredover
threemetres.Mostofthislengthis takenupbyMeckel'stract. In allbirdsexamined,thelatter
andtheduodenumwerepackedinsomeregionswithcestodesofthegenusHymenolepis.
Examinationsof theoesophagusof someof the flamingoestudiedimmediatelyafterdeath
suggestedthata relativelysmallbutsteadystreamof foodis passingdowntheoesophagusinto
theproventricularregionof thestomachthroughoutthelongperiodsduringwhichthebirdsare
feeding,thoughon oneoccasiona puremassof unalteredchironomidlarvaewerefoundin the
dilatedportionoftheoesophagus(whichlieslowdownintheneckandisnotatruecrop),asthough
temporarilystoredin thissituation.Verylittlewaterappearstobetakeninwiththefood.
The stomachconsistsof a glandularproventriculusandmusculargizzardwitha hardinternal
lining. Grit wasalwaysfoundin thestomachsofthebirdsexaminedandthefoodissubjectedto
intensegrinding(PlateI, Fig.2).Somegritwasalsotobefoundin theintestinaltractandit there-
forepassesoutwiththefaeces.
The sizerangeof thegritfromthestomachsof thetwospeciesfromsimilarfeeding rounds
inLakeElmenteitawasfoundtodiffer(seeFig.4),andthisdifferencewasalsonotedatLakeHan-
nington.In eachcasetheparticleswereangularandsomewhatrounded.atthecornersbutasa
wholethematerialisfinerinthelesserspecies.It isinferredthatthisisduetothedifferentstraining
mechanismsofthebeakinthetwospecies.
Referenceto table2 showsthatdiatomsarefoundin theintestinaltractof greaterflamingo
butthiscannotbetakenasevidencethattheyforma directfoodsupplyofanyimportancetothe
species inceit wasfoundthatdiatomsfrequentlyformedthe bulk of the gut contentsof
thechironomidlarvaeonwhichtheyfeed. In themaintherefore,theymayberegardedasthe
productsof thebreak-downof previouslyingestedlargerorganisms.Attentionhasalreadybeen
drawntospecimenNo.6 (seetable1). This birddoesappeartohaveobtainedbothdiatomsand
blue-greenalgaedirectinsignificantquantities.
The frustulesof diatomsareresistantto digestionandtracesof otherfoodin theintestinal
tracttendto be insignificantby comparison.Chitinfrominsectsandthecellwallsof higher
plantswerealsofound.
In contrasttothegreaterflamingo,referencetoTables1and2(seeNos.11-29)showsthatdiatoms
andblue-greenalgaearethesignificantelementsinthefoodofthelesserspecies..
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The authorsareindebtedto theEastAfricanFisheriesResearchOrganisationfor pointing
outtothemthatthedietofthelesserflamingoisverysimilartosomefishes(e.g.Tilapia esculenta)
whichin certainlakesfeedlargelyon algae.G. R. Fish hasestablishedtheremarkablefact,
however(seeFish;1951),thattheblue-greenalgaewhicharefrequentlyabundantpassthrough
theTilapia'sgutundamaged.
The entirealimentarytractof threelesserflamingoes( eeTables1and2,Nos.16,24and28),
whichhadbeenfeedingpriortodeathmainlyon algae,werestudied.In twoof thesespecimens,
tracesof blue-greenalgae,althoughnegligible,werepresentin the intestinaltract,together
with,inallthree,agreatabundanceofemptywholediatomfrustulesandfragments.
On thehighlyprobableassumptionthatthismaterialhadpreviouslybeenin thestomachin
a conditionsimilarto thatactuallyfoundin stomachs( eePlateI), theobservationsrecordedin
thispaperasa wholemaybetakenasshowingthatblue-greenalgaearedigestedtogetherwith
diatomsandthatthecellcontentsof thediatomsdiffuseOUteventhoughthe frustulesarenot
necessarilybroken(inPlateI compareFigs.1,2,6 and7withFigs.3,4 and5).
Whilstthematerialwasclearlyquiteinadequateo statethatall speciesof algaearedigested,
therewasnoevidencethatanyquantityofanyspeciespassundamagedthroughthegut.
SUMMARY AND CONCLUSIONS
The lesserflamingohabituallyfeedson algaein thealkalinelakesof theKenyaRift Valley.
.Thevarietybothofblue-greenalgaeanddiatomsfoundin thesamplesfromthelakes,andthe
occurrenceof thesamespeciesin thestomachsof thebirdsfeedingthere,suggestshattheyare
abletoutiliseasfoodanymicroscopicphytoplanktonavailable.
Thefoodof thegreaterflamingoisvariable.Smallinvertebratesareitsprincipalfoodthough
somealgae,seedsandfragmentsof higherplantsaretakenin. Unlikethelesserflamingo,no
evidencewasfoundthatthisspeciesreliesdirectlyonthefoodresourcesofthephytoplankton.
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EXPLANATION OF THE PLATES
PLATE I
Samplesfrombeak,stomachandintestinaltractofPhoeniconaiasminorfromKenyalakes. 1 to5
Naivasha,6and7Magadi,8Rudolf(Ferguson'sGulf).
1. Naviculasphaerophorafrombeak.
2. The samefromgizzard. In twodiatomsthecellcontentsarestill intact. A pieceof
gritisshownnearthetopright-handcorner.
3. Grit andemptyfrustulesfromMeckel'stract.
4. Frustulesfromcaecum.
5. Frustulesandfragmentsfromlargeintestine.
6. Filamentousblue-greenalgaefromgizzard.
7. Partof6,principallyOscillatoriasp.morehighlymagnified.
8. Arthrospiraplatensisfromgizzard.
PLATE II
StomachandintestinaltractofPhoeniconaiasminor,slightlydisplacedtotheright.
c., caecum. duo.,duodenum. giz.,gizzard
lint., largeintestine. Mt., Meckel'stract
prov.,proventriculus. t. testis.
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Fig. 2. GreaterFlamingofeedingattitudes.
Fig. 3. LesserFlamingofeedingattitudes.
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